
Introduction to Automotive Powertrains

Key concepts, main components, and how they work together to move a vehicle.

1. What Is a Powertrain?

Definition: The collection of components that generate power and deliver it to the wheels.

Scope: Includes the engine (or motor), transmission, driveshafts, differentials, and final

drive.

Purpose: Convert stored energy (fuel, electricity, or hybrid storage) into usable mechanical

motion.

2. Core Components

Component Primary Function Typical Variants

Engine / Motor Produces torque and rotational speed

• Internal?combustion engine (ICE)

– gasoline, diesel, CNG

• Electric motor – AC induction,

permanent?magnet synchronous,

axial?flux

Transmission
Matches engine output to wheel

speed/torque

• Manual (clutch, gear selector)

• Automatic (planetary gear set,

torque converter)

• Continuously Variable (CVT)

• Dual?clutch (DCT)

Clutch / Converter
Couples/decouples engine from

transmission

• Friction clutch (manual)

• Torque converter (automatic)

Driveshaft / Axle
Transfers torque from transmission to

wheels

• Front?axle, rear?axle, or both

(AWD)

Differential
Allows left/right wheels to rotate at

different speeds while delivering torque

• Open differential

• Limited?slip differential (LSD)

• Torque?vectoring differential
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Component Primary Function Typical Variants

Final Drive (Gear

Reduction)

Reduces speed, increases torque

before wheels

Usually integrated with the

differential (gear set)

Control

Electronics

Manages engine/motor output, gear

shifts, and vehicle dynamics

• Engine Control Unit (ECU)

• Transmission Control Unit (TCU)

• Powertrain Control Module (PCM)

3. Powertrain Architectures

Architecture Layout Typical Use Advantages

Front?Engine, Front?

Wheel Drive (FF)

Engine & transaxle at front,

power to front wheels

Small cars,

economy vehicles

Compact, low cost,

good interior space

Front?Engine, Rear?

Wheel Drive (FR)

Engine at front,

transmission to rear axle

Sports cars,

trucks, many

sedans

Balanced weight

distribution, strong

torque handling

Mid?Engine, Rear?

Wheel Drive (MR)

Engine behind driver,

power to rear wheels

High?performance

sports cars

Low moment of inertia,

excellent handling

Rear?Engine, Rear?

Wheel Drive (RR)
Engine behind rear axle

Classic VW

Beetle, Porsche

911

High traction under

acceleration

All?Wheel Drive (AWD)

/ Four?Wheel Drive

(4WD)

Power to both front & rear

axles (often with a center

differential)

SUVs,

performance cars,

off?road

Superior traction in

varied conditions

Hybrid (Parallel,

Series, Power?Split)

Combines ICE + electric

motor(s)

Hybrid cars, plug?

in hybrids

Improved fuel economy,

regenerative braking

Fully Electric (BEV)
One or more electric

motors, no ICE

Battery?electric

cars

Zero tailpipe emissions,

instant torque

4. How Power Is Transferred

1. Energy Generation – Fuel combustion or electrical discharge creates high?pressure gases

or magnetic fields ? rotating crankshaft or motor shaft.

2. **Torque Conversion
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